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Combined Chemical Agent and Dynamic 
Oxidation Treatment of Hazardous Gas 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method and apparatus for 
hazardous gas abatement, for cleaning contaminated gas and for 
neutralizing other hazardous gasses, such as for example 
pyrophoric gases. The invention can be used to neutralize, for 
example, hazardous and pyrophoric gases used in the manufacture 
of semiconductor devices . 

2 . Prior Art 

Many industries use hazardous and pyrophoric gases for a 
variety of processes and operations. In the semiconductor 
industry, a variety of pyrophoric gases are used during the 
manufacture of semiconductor devices. These gases are termed 
pyrophoric due to their ability to ignite spontaneously upon 
contact with an oxidant such as oxygen. Thus, these gases may 
ignite upon contact with air, and if a pocket of pyrophoric gas 
contacts air, an explosion may result. The possibility of 
explosion is increased by the tendency of some pyrophoric gases 
to "self protect", wherein bubbles or pockets of the pyrophoric 
gas develop, which prevents reaction or neutralization of the 
pyrophoric gas in a controlled manner. 

Pyrophoric gases are usually used for the deposition of 
various layers or for introducing dopants into the various layers 
of a semiconductor device. For example, silane (SiH4) may be used 
along with oxygen to form a silicon dioxide (Si02) layer in a 
chemical vapor deposition (CVD) system. Diborane (B2H4) , 



phosphine (PH3) , and arsine (AsH3) may be used to add dopants to 
a layer. Silane also is used to form polycrystalline silicon 
layers as well as epitaxial, single crystal silicon in a variety 
of processes. Other commonly used pyrophoric gases include 
halogenated compounds such as dichlorosilane {SiH2Cl2) , among 
others. Generally, the processes which use these pyrophorics, 
such as CVD deposition, utilize a flow of the reactant gases 
through the reactor chamber. Normally, not all of the pyrophorics 
are spent in the process, and any remaining pyrophorics must be 
exhausted or pumped out of the reactor. This spent process gas 
must then be neutralized in a controlled manner so that it is not 
released into the atmosphere, where it may cause a fire or an 
explosion upon contact with air. In addition to spent process 
gas, semiconductor manufacturing operations may have other 
sources of pyrophoric gas which must be neutralized. For example, 
the pyrophoric gas pump or pipe panel may be purged with 
nitrogen, and the exhaust line for the pump or panel must then be 
neutralized. 

In the prior art, several systems exist for neutralizing a 
gas stream containing one or more pyrophoric gases. Many of these 
systems are "active" in that they provide a flame and reaction 
chamber through which pass the pyrophoric, as well as flammable 
and/or toxic gases in the spent gas. The flame ensures combustion 
of nearly all pyrophoric gas, thus virtually eliminating the 
possibility of a sufficient accumulation of the pyrophoric gas to 
cause an explosion. To ensure a constant flame, a fuel source. 
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such as hydrogen (H2) or natural gas (CH4) is ignited by, for 
example, spark plugs. 

Examples of such systems include "The Sergeant", 
manufactured by Custom Engineered Material, Inc. and "The 
Guardian", manufactured by ATMI Ecosys Corp. These systems are 
often referred to in the art as "burn boxes." 

Another prior art system is a dilution system. In a dilution 
system, the gas stream containing the pyrophoric gas is first 
diluted in an inert gas such as nitrogen (N2) in a ratio of 
approximately 100:1 (inert: spent process gas) by volume. This 
diluted gas stream is then combined with air in a reaction tube 
to allow the pyrophoric gas in the diluted gas stream to react 
with the oxygen in air. Because of the massive dilution of the 
spent gas stream prior to exposure to air, there is little 
possibility of explosion. 

The aforementioned prior art systems have several drawbacks. 
The active systems are complex and expensive, requiring a large 
capital outlay. The high cost is especially significant, since 
most facilities require several of these items. In addition, the 
use of fuel such as H2 or natural gas creates additional ongoing 
operational expenses. Also, these systems require that the fuel 
source, which is a flammable gas be piped to each system 
installed, thereby incurring additional capital outlays and 
presenting an additional fire hazard. The dilution type systems, 
while not as complex as the active systems, are expensive to 
operate due to the large volume of inert gas used. Also, the 
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dilution systems will not ensure complete reaction due to 
possible streamlining of the pyrophoric gas in the event of a 
sudden release, resulting in a potential for explosion. 

In prior US Patents 5,271,908 and 6,084,148 the applicant 
introduced methods and apparatus for neutralizing pyrophoric gas. 

Needs still exist for improved systems for neutralizing, 
pacifying and cleaning contaminated chemical process exhaust and 
waste gasses. 

Needs exist for improved systems, which efficiently 
neutralize chemical process contaminates in gas. The system 
should ensure complete or substantially complete neutralization 
and pacification of any out flowing contaminant gas in the gas 
stream to be neutralized. Needs exist for systems that are simple 
and inexpensive to build and to operate and that do not require a 
fuel source to operate . 

Needs exist for systems that are capable of handling spent 
process gas streams that have contaminate gas concentrations from 
trace to substantial amounts in volumes of cubic centimeters to 
several tens or hundreds of liters per minute. 

SUMMARY OF THE INVENTION 

The present invention uniquely combines chemical agent 
purification and pacification with dynamic oxidation for gas 
contaminant abatement in process gas exhaust streams. 

Uniquely, a chemical agent tank and an oxidation chamber are 
combined in a single housing. The contaminated process gas or 
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the out flowing spent process gas with aggressive, dangerous, 
flammable or explosive components are passed into a chemical 
agent tank through multiple distribution heads to ensure wide 
distribution throughout the tank. The gas then passes through 
the chemical agent, which is in solution or suspension in a 
liquid or fluid or which is in granular form or dispersed in a 
matrix or granular mix. 

The treated discharged gas flows out through a foraminous or 
porous collector and is drawn into an airflow inlet by a venturi 
effect. A large air inlet has a centered smaller treated gas 
outflow pipe. Air flowing through the air inlet draws gas 
through a perforated treated gas outflow pipe in the chemical 
agent treatment tank. The inflowing air and treated gas flow 
through a screen to trap any chemical agent entrained in the 
treated gas stream and into a large dynamic oxidation chamber, 
where the air and the treated gas thoroughly mix. All oxidizable 
components in the treated gas are oxidized by the oxygen in the 
air flowing in and around the dynamic oxidation chamber. 

Finally the air and the oxidized treated gas flow through 
walls of a large filter and out through an air outlet. 

In one preferred form of the invention, dividers extend in 
opposite directions in the tank to promote sinuous flow of the 
hazardous gas throughout the tank. For example, in one 
embodiment a gas inlet is positioned in the top near one side of 
the tank. First and third vertical dividers extend from the top 
to positions spaced slightly upward from the bottom of the tank. 
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An intermediate second divider extends upward from a middle of 
the tank to a position near the top. The incoming gas flows 
through the chemical agent, first downward between the first 
divider and a tank wall, then upward, then downward along first 
and second sides of the second, middle divider, then upward 
between the third divider and the wall to an outlet near the top. 
The sinuous flow ensures maximum contact with the chemical agent. 

The tank drain is positioned beneath the middle divider to 
fully drain the tank by draining both sides of the middle 
divider. 

The divided tank is particularly useful when the chemical 
agent is in a fluid. When the chemical agent is not dispersed in 
a liquid, additional fill and drain parts are useful. 

In a preferred embodiment, the two parts of the processor 
for neutralizing, cleaning and oxidizing the off gas are 
connected in a single housing. 

In one preferred embodiment the chemical agent tank is 
stacked on top of the oxidation chamber. The two elements are 
connected together by a quick connect and disconnect clamp. 

The chemical agent tank is a closed tank with a large 
chemical agent fill port in the top and a large chemical agent 
drain port in the bottom. Multiple gas inlets are provided in the 
top. A chemical agent, for example activated charcoal, fills the 
tank up to a short distance from the top, which acts as a plenum 
to distribute the incoming gas uniformly through the chemical 
agent . 
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The gas migrates through the agent, which removes 
contaminate compounds, particles and elements. Then the gas 
migrates to a porous pipe, which leads to a cleaned gas outlet. 

The gas outlet is connected to an air inlet, which directs 
the cleaned gas and air into the oxidation chamber. A screen 
extends over a part of the top of the oxidation chamber below the 
air and gas inlet to enhance turbulence and to discourage laminar 
flow so that the oxygen in the air mixes thoroughly with the 
incoming cleaned gas to oxidize contaminate compounds, elements, 
and/or particles remaining in the gas. The screen also traps 
entrained particles in the gas and prevents them from entering 
the oxidation chamber. 

The oxidation chamber is an open top tank, which fits 
directly beneath the chemical agent tank. The top of the 
oxidation chamber and the bottom of the chemical agent tank have 
complementary outward extending flanges, which fit within the 
inward opening C- shaped cross section of the clamping band which 
surrounds the tanks. A hook on one end of the clamp engages a 
lever on the other end of the clamp to form a quick acting hold 
over the center clamp. 

The oxidizer chamber has a large empty void in a preferred 
embodiment to promote the open contact of the air with the gas. 
Some embodiments have baffles to promote mixing and non laminar 
flow. 

A large filter in the chamber has walls, which remove all 
particles, dust and solid products of combustion and fine 



particles entrained in the gas. In preferred embodiments the 
large filter has a cross section similar to a cross section of 
the chamber, has a size that substantially fills the chamber and 
is offset in the chamber for encouraging flow over the entire 
surface of the filter. The large filter has a plate or filter 
material wall at its bottom surface. A large plate covers the 
top of the filter. An air outlet is connected to the plate for 
releasing the cleaned, treated and oxidized gaseous products and 
the air. 

For maintenance the lever is lifted and the clamp is 
removed. The chemical agent tank and the oxidizing chamber are 
separated. The plate is removed from the top of the filter, and 
the filter is exchanged or cleaned and replaced. If necessary the 
chemical agent drain port covering plate is unbolted and removed, 
and the chemical agent is emptied from the tank. Then the 
covering plate is replaced- Fresh or rejuvenated chemical agent 
is added through the fill port, and the fill port cover is 
replaced. The screen is inspected and cleaned or replaced as 
necessary. The filter cover plate is replaced on the filter and 
the air inlet and exhaust line are reconnected if they have been 
detached. The clamp is reinstalled around the flanges, and the 
lever is engaged and locked. The renewed combined chemical agent 
and dynamic oxidation apparatus is ready to return on line. All 
of the maintenance and replacement has been accomplished without 
disconnecting or otherwise disturbing the spent process gas input 
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lines. All that is necessary is to shut off an inflow valve or 
to connect the supply to a parallel combined processor. 

In a preferred embodiment a blower supplies air under 
pressure to the air inlet. A pitot tube in the air inlet 
measures velocity of the incoming air. A reduction in air input 
velocity may indicate a need for maintenance or filter 
replacement. The treated gas out flow pipe from the chemical 
agent treatment tank is centered in the air inflow pipe, which 
creates a negative pressure in the treated gas outlet and draws 
treated gas from the chemical agent tank into the inflowing air 
stream. Blowing the gas and air through the screen promotes 
turbulence and mixing. 

Alternatively the pressure and speed of the air flowing 
through the chemical agent and out of the outlet draws fresh air 
in through the air inlet. A pitot tube in the inlet indicates 
that air is being drawn through. The flow of treated gas through 
the treated gas outlet pipe creates suction in the air inflow 
pipe drawing in air. Flow of the gas and the air through the 
oxidizer chamber inlet screen mixes the gases and starts 
oxidation. The screen has the additional effect of encouraging 
any rapid oxidation to occur in the confines of the oxidation 
chamber. 

The air inflow pipe and air outflow pipes which supply and 
remove air and gasses to and from the oxidation chamber are L- 
shaped. Horizontal parts of the L's extend inward through 
sidewalls of the chemical agent tank. Vertical legs of the L- 
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shaped pipes extend vertically downward into the dynamic 
oxidation chamber to simplify maintenance. After unclamping, the 
lower chamber is dropped without disturbing the connections of 
the air supply to the inlet or blower and without disturbing the 
connections of the outflow exhaust to a conventional scrubber. 
The outflow pipe disconnects from the filter covering plate to 
allow the plate to be lowered or rotated out of the way of plate 
covering the chemical agent drain port . 

The present invention has the added advantage that the heat 
generated by oxidation in the oxidizer chamber is transferred 
directly to and absorbed by the chemical agent and the gas in the 
chemical agent treatment tank, improving the operations in that 
tank by heating the elements. ^ 

These and further and other objects and features of the 
invention are apparent in the disclosure, which includes the 
above and ongoing written specification, with the claims and the 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic vertical cross sectional 
representation of a combined chemical agent and dynamic oxidation 
treatment apparatus for hazardous or contaminated gas treatment. 

Figure 2 is a schematic vertical cross sectional 
representation of the combined chemical agent and dynamic 
oxidation treatment apparatus for hazardous or contaminated gas 
shown in Figure 1 showing the internal parts. 
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Figure 3 is a schematic horizontal cross sectional 
representation of the combined chemical agent and dynamic 
oxidation treatment apparatus shown in Figures 1 and 2 for the 
combined treatment of hazardous or contaminated gas. 

Figure 4 shows a modification of the apparatus in which 
three dividers are placed in the chemical agent tank. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 shows a schematic vertical cross section of a 
combined chemical agent and dynamic oxidation treatment apparatus 
10 for treating hazardous or contaminated gas 15. The present 
invention combines chemical agent purification and pacification 
with dynamic oxidation for gas contaminant abatement in process 
gas exhaust streams. 

A chemical agent tank 20 and an oxidation chamber 3 0 are 
combined in a single housing 11. The contaminated process gas or 
the out flowing spent process gas 15 with hazardous, aggressive, 
dangerous, flammable or explosive components are passed into 
chemical agent tank 2 0 through multiple distribution heads in gas 
inlets 21 to ensure wide distribution throughout the tank 20. 
The gas then passes through the chemical agent 23, which is a 
high surface area activated charcoal or other chemical agents in 
solution or suspension, in a liquid or fluid or in granular form 
or dispersed on or in a matrix or a granular mix. 

The treated discharged gas 25 flows out through a foraminous 
or porous collector 27 and is drawn into an airflow inlet 40 by a 
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venturi effect. A large air inlet pipe 41 has a centered smaller 
chemically treated gas outflow pipe 43 . Air flowing through the 
air inlet pipe 41 draws treated gas through a perforated treated 
gas outflow pipe 27 in the chemical agent treatment tank 20. The 
inflowing air 45 and treated gas 25 flow through a screen 31 in 
the chamber 30 to trap any solids or solid chemical agent 
entrained in the treated gas stream 25 and into a large dynamic 
oxidation chamber 30, where the air 45 and the treated gas 25 
thoroughly mix. All oxidizable components in the treated gas are 
oxidized by the oxygen in the air flowing in and around the 
dynamic oxidation chamber 30. 

Finally the air and the oxidized treated gas 55 flow through 
walls 51 of a large filter 50 and out through an air and treated 
gas outlet 60. 

In a preferred embodiment, the two main parts 2 0,30 of the 
processor 10 for neutralizing, abating, cleaning and oxidizing 
the off gas are connected in a single housing 11. 

In one preferred embodiment the chemical agent tank 2 0 is 
stacked on top of the dynamic oxidation chamber 30. The two 
elements 20,30 are connected together by a quick connect and 
disconnect clamp 70. 

The chemical agent tank 2 0 is a closed tank with a large 
chemical agent fill port 22 in the top and a large chemical agent 
drain port 24 in the bottom. Multiple gas inlets 21 are provided 
in the top. A chemical agent 23, for example activated charcoal, 
fills the tank up to a short distance from the top, which acts as 
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a plenum to distribute the incoming gas uniformly through the 
chemical agent . 

The gas 15 migrates through the agent 23, which removes 
hazardous contaminating compounds, particles and elements. Then 
the gas migrates to a porous pipe 21 , which leads to a cleaned 
gas outlet conduit 43 . 

Figure 2 is a schematic vertical cross sectional 
representation of the combined chemical agent and dynamic 
oxidation treatment apparatus 10 for abatement of hazardous or 
contaminated gas 15, as shown in Figure 1. Figure 2 shows the 
internal parts of the tank 20 and chamber 30 in greater detail. 

The gas outlet 43 is connected to an air inlet 41, which 
directs the cleaned gas 25 and air 45 into the oxidation chamber 
30. A screen 31 extends over a part of the top of the oxidation 
chamber 30 below the air and gas inlets 41,43 to enhance 
turbulence and to discourage laminar flow, so that the oxygen in 
the air 45 mixes thoroughly with the incoming cleaned gas 25 to 
oxidize any hazardous contaminating compounds, elements, and/or 
particles remaining in the gas. The screen 31 also traps 
entrained particles in the gas 25 and prevents them from entering 
the oxidation chamber 30. 

The oxidation chamber 30 is a large open top bowl, which 
fits directly beneath the chemical agent tank 20. The top of the 
oxidation chamber and the bottom of the chemical agent tank have 
complementary outward extending flanges 72,73, which fit within 
the inward opening C- shaped cross section 74 of the clamping band 
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76 of clamp 70, which surrounds the flanges. A hook on one end of 
the clamp engages a lever on the other end of the clamp to form a 
quick acting over the center clamp 70. 

The oxidizer chamber 30 has a large empty void in a 
preferred embodiment to promote the open contact of the air 45 
with the gas 25. Some embodiments have baffles to promote 
turbulence and mixing and non laminar flow of the air and gas. 

Figure 3 is a horizontal cross section of the combined 
chemical agent and dynamic oxidation treatment apparatus 10 shown 
in Figures 1 and 2 for the combined treatment of hazardous or 
contaminated gas 15 . 

A large filter 50 in the chamber 30 has walls 51, which 
remove all particles and dust and solid products of combustion 
and fine particles entrained in the exiting gas. In preferred 
embodiments the large filter 50 has a cross section similar to a 
cross section of the chamber 30, has a size that substantially 
fills the chamber, and is offset in the chamber for encouraging 
flow over the entire surface of the filter. The large filter 50 
has a plate 57 or filter material wall at its bottom surface. A 
large plate 59 covers the top of the filter. An air and treated 
gas outlet 60 is connected to the plate 59 for releasing the 
cleaned, treated and oxidized gaseous products and the air. 

For maintenance the lever 78 is lifted, and the clamp 70 is 
removed. The chemical agent tank 20 and the oxidizing chamber 30 
are separated. The plate 59 is removed from the top of the 
filter, and the filter 50 is exchanged or cleaned and replaced. 
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If necessairy the chemical agent drain port plate 28 is unbolted 
and removed, and the chemical agent 23 is emptied from the tank 
20. Then the covering plate 28 is replaced. Fresh or 
rejuvenated chemical agent 23 is added through the fill port 22 
(Figure 1) , and the fill port cover 26 is replaced. The screen 
31 is inspected and cleaned or replaced as necessary. The filter 
cover plate 59 is replaced on the filter 50, and the exhaust line 
60 is reconnected if it has been detached. The clamp 70 is 
reinstalled around the flanges 72,73, and the lever is engaged 
and locked. The renewed combined chemical agent and dynamic 
oxidation apparatus 10 is ready to return on line. All of the 
maintenance and replacement is accomplished without disconnecting 
or otherwise disturbing the spent process gas input lines 21 and 
the treated gas and air inlet lines 43 and 41. All that is 
necessary is to shut off an inflow valve or to close and open 
valves connecting the hazard gas supply to a parallel combined 
processor 10. 

In a preferred embodiment a blower supplies air under 
pressure to the air inlet 40. A pitot tube 49 in the air inlet 
40 measures velocity of the incoming air. . A reduction in air 
input velocity may indicate a need for maintenance or filter 
cleaning or replacement. The treated gas out flow pipe 43 from 
the chemical agent treatment tank 20 is centered in the air 
inflow pipe 41, which creates a negative pressure in the treated 
gas outlet and draws treated gas from the chemical agent tank 20 
into the inflowing air stream 45. Blowing the gas and air 
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through the screen 31 promotes turbulence and mixing 47 in the 
dynamic oxidation chamber 30. 

Alternatively the pressure and speed of the gas flowing 
through the chemical agent 23 and out of the outlet 43 draws 
fresh air 45 in through the air inlet 41. The flow of treated 
gas through the treated gas outlet pipe 43 creates suction in the 
air inflow pipe 41, drawing in air. A pi tot tube 49 in the inlet 
41 indicates that air is being drawn through. Flow of the gas 
and the air through the oxidizer chamber inlet screen 31 mixes 
gasses and air and starts oxidation. The screen 31 has the 
additional effect of encouraging any rapid oxidation to remain in 
the confines of the oxidation chamber 30. 

The air inflow pipe 41 and air outflow pipe 60 which supply 
and remove air and gasses to and from the oxidation chamber 3 0 
are L-shaped in preferred embodiments. Horizontal parts 44,64 of 
the L's extend inward through sidewalls of the chemical agent 
tank 20. Vertical legs 46,66 of the L-shaped pipes extend 
vertically downward into the dynamic oxidation chamber 30. That 
simplifies maintenance. After unclamping, chamber 30 is lowered 
without disturbing the connections of the air supply to the inlet 
or blower and without disturbing the connections of the outflow 
exhaust 60 to a conventional scrubber. 

placing the dynamic oxidizer chamber below the chemical 
agent tank has the effect of removing excess heat from the 
chamber and preheating the gas moving through the chemical agent 
to enhance absorption of elements and compounds. 
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Figure 4 shows a modification 70 of the apparatus in which • 
three dividers 71, 72, 73 are placed in the chemical agent tank 
20. 

A combined chemical agent and dynamic oxidation apparatus 70 
has dividers 71, 72, 73 which extend in opposite directions in 
the tank 2 0 to promote sinuous flow 75 of the hazardous gas 
throughout the tank. In one embodiment, a gas inlet 74 is 
positioned in the top near one side of the tank. First and third 
vertical dividers 71, 73 extend from the top 76 to positions 
spaced slightly upward from the bottom 78 of the tank 20. An 
intermediate second divider 72 extends upward from a middle of 
the tank bottom 78 to a position near the top 76. The incoming 
gas 15 flows through the chemical agent, first downward between 
the first divider 71 and a tank wall 81, then upward, then 
downward along first and second sides 82 83 of the second, middle 
divider 72, then upward between the third divider 73 and the wall 
84 to an outlet 85 near the top. The sinuous flow 75 ensures 
maximum contact with the chemical agent. 

The tank drain 24 is positioned beneath the middle divider 
72 to fully drain the tank by draining both sides of the middle 
divider 72 . 

The divided tank is particularly useful when the chemical 
agent is in a fluid or liquid. When the chemical agent is not 
dispersed in a liquid, additional fill 22 and drain 24 parts are 
useful . 
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While the invention has been described with reference to 
specific embodiments, modifications and variations of the 
invention may be constructed without departing from the scope 
the invention, which is defined in the following claims. 
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